The data used in this study are third party and publicly available from the Integrated Public Use Microdata Series (IPUMS). Others may access these data in the same manner as the author through [ipums.org](http://ipums.org). The author did not have any special access privileges that others would not have in obtaining data.

Introduction {#sec001}
============

Voluminous studies have explored the determinants of occupational gender segregation \[[@pone.0227615.ref001]--[@pone.0227615.ref006]\]. This body of work has identified how economic conditions \[[@pone.0227615.ref007],[@pone.0227615.ref008]\], political regulatory environments \[[@pone.0227615.ref006],[@pone.0227615.ref009]\], and cultural orientations \[[@pone.0227615.ref001],[@pone.0227615.ref003],[@pone.0227615.ref010]\] shape the extent to which women and men workers are employed in separate occupations. The common orientation in these works views occupational gender segregation as a consequence of economic and social forces. Viewed from a different perspective, however, occupational gender segregation may itself influence economic growth and change. Research on organizations has found that gender diverse work teams are more productive than homogenous ones \[[@pone.0227615.ref011]--[@pone.0227615.ref013]\] and that firms with more women leaders have better profits than firms where management is dominated by men \[[@pone.0227615.ref014]--[@pone.0227615.ref019]\]. These findings suggest that there are economic benefits to lower levels of occupational gender segregation. Yet, there is little research on the consequences of occupational gender segregation at the level of local labor markets. This is despite the fact that a major source of gender segregation occurs between-firms within geographical labor markets \[[@pone.0227615.ref020]\]. Additionally, economists and urban scholars have increasingly focused on local labor markets as crucial centers of economic growth \[[@pone.0227615.ref021]--[@pone.0227615.ref029]\]. These scholars argue that labor markets with conditions that facilitate the exchange of ideas between workers are best positioned for innovation and growth in the creative economy. Yet, this area of research has not considered gender or how occupational gender segregation poses a barrier to the exchange of ideas.

In this study, I explore whether levels of occupational gender segregation influence economic change in U.S. local labor markets between 1980 and 2010. First, I examine the relationship between gender segregation and the expansion of finance and technology sectors as areas of the economy that have had major impacts on the U.S. over the past 40 years. Second, I explore whether gender segregation is related to economic productivity, as captured by hourly wages. Finally, I test whether the relationship of finance and tech industry growth to hourly wages depends on levels of gender segregation. I investigate these three aspects using fixed effects regression equations that model concurrent change between occupational gender segregation and economic outcomes while controlling for unobserved stable characteristics of industries and labor markets. In testing for the causal mechanism by which gender segregation facilitates information exchange in high-skill finance and tech service sectors, I use retail trade as a counterfactual case where gender segregation would not operate through similar means to impact economic change. My results shed light on the economic costs of occupational gender segregation. Labor markets with higher levels of gender segregation have had lower levels of economic growth since 1980. Meanwhile, in areas of the U.S. where women and men more commonly work in the same occupations, finance and tech sectors have expanded alongside rising wages. These findings indicate that occupational gender integration boosts economic activity in high-skill service sectors through facilitating the exchange of ideas and information between women and men employees working in similar occupations.

Labor market conditions for economic growth {#sec002}
===========================================

Economists have long argued that the sharing of ideas and information facilitates economic innovation and growth \[[@pone.0227615.ref023],[@pone.0227615.ref027],[@pone.0227615.ref030]--[@pone.0227615.ref036]\]. Despite increased international trade and global integration, many scholars agree that innovation is fostered locally through networks of individuals possessing different types and forms of knowledge \[[@pone.0227615.ref023],[@pone.0227615.ref030],[@pone.0227615.ref034],[@pone.0227615.ref037]\]. Critical to this process of endogenous development is the exchange of *diverse* types of knowledge and information. As Jovanovic and Rob (\[[@pone.0227615.ref033]\], pg. 570) state, "it is the combination of *different* ideas that gives rise to still *better* ideas" (emphasis theirs). Thus, a network of innovators with equal knowledge and experience will only "reinvent the wheel," while a network of innovators where each has unique knowledge and diverse experiences will produce something altogether new, different, and highly impactful.

Economists embracing this notion of endogenous growth have shed light on the social assets contained in labor markets that play a critical role in economic development \[[@pone.0227615.ref023],[@pone.0227615.ref027],[@pone.0227615.ref028],[@pone.0227615.ref038]--[@pone.0227615.ref041]\]. Labor markets that foster the sharing of information through random meetings, chance encounters, and the promulgation of diverse perspectives have an advantage over labor markets with more rigid social structures where individuals are comparatively more isolated \[[@pone.0227615.ref023],[@pone.0227615.ref027]--[@pone.0227615.ref028], [@pone.0227615.ref035],[@pone.0227615.ref036]\]. To this extent, social capital is the driving force of contemporary economic growth. Innovation, rather than being born from the brilliance of single entrepreneurs, is an inherently social process facilitated by societal conditions within labor markets.

Urbanists have embraced the role of social settings in economic development to argue that economically thriving areas are those that have invested in fostering local cultures that promote creativity \[[@pone.0227615.ref025],[@pone.0227615.ref027]--[@pone.0227615.ref029]\]. According to Florida \[[@pone.0227615.ref025],[@pone.0227615.ref026]\], areas with hip nightlife, vibrant arts districts, and stimulating museums are best positioned for economic innovation and growth because these features attract creative types of individuals and facilitate their interaction with one another--leading to an exchange of ideas and information. Additionally, Florida argues that one of the most central elements of local culture is tolerance towards sexuality and racial diversity. According to Florida \[[@pone.0227615.ref025]\], a culture that supports diversity is more attractive to creative individuals who are the drivers of tech industries. This finding is consistent with urban economists who have found positive associations between cultural diversity and economic productivity \[[@pone.0227615.ref022],[@pone.0227615.ref027],[@pone.0227615.ref028],[@pone.0227615.ref042]\].

In short, economists point to the exchange of diverse ideas as a crucial driver of innovation, while urbanists argue that local cultures promoting diversity help attract creative individuals and foster inventive industries. Absent in these two bodies of literature is any consideration of how gender is implicated in the exchange of ideas that promote economic growth. It is a well-established cornerstone of feminist theory that women and men occupy different structural positions in society with distinct perspectives, worldviews, and standpoints \[[@pone.0227615.ref043],[@pone.0227615.ref044]\]. Therefore, it would seem to reason that gender equity--through facilitating the interaction and equal collaboration of women and men--would fuel the exchange of ideas, unique information, and diverse perspectives. Yet, this asset has been given little attention in previous research, prompting the question *whither gender in the study of local labor market economic development*?

Existing answers to this question are limited to sociological studies examining the relationship between organizational diversity and firm performance. Within organizations, work teams with a more equal balance of women and men workers have been shown to have better sales, greater profits, and improved problem solving ability \[[@pone.0227615.ref011]--[@pone.0227615.ref013],[@pone.0227615.ref016]\]. Women's representation in organizational leadership has also been found to have positive impacts within firms. Women's presence on corporate boards is associated with higher stock prices \[[@pone.0227615.ref015],[@pone.0227615.ref018]\], while a greater proportion of women in management has been found to improve sales \[[@pone.0227615.ref014],[@pone.0227615.ref017],[@pone.0227615.ref019]\]. Beyond these direct benefits to economic performance, women's representation in firm leadership has also been linked to improved equity within companies through such measures as the increased representation of women and minorities, reduced gender pay gaps, and greater emphasis on programs around corporate responsibility \[[@pone.0227615.ref045]--[@pone.0227615.ref047]\].

At the organizational level, sociologists have established a strong relationship between gender diversity and economic performance. These studies illustrate the applicability of economic theories of endogenous growth at the organizational level through showing that gender diversity improves company output by facilitating the exchange of ideas and collaboration between equally situated women and men workers. Yet, theories of endogenous growth have focused primarily on geographical labor markets as sites of economic development. At this level of analysis, there is no corresponding literature on the relationship between gender diversity/gender segregation and economic performance. This is an important gap because local labor markets have emerged as a crucial site for economic development \[[@pone.0227615.ref021]--[@pone.0227615.ref029],[@pone.0227615.ref041]\]. The exchange of ideas, information, and commerce between workers from various companies has been shown to be a major source of labor market growth \[[@pone.0227615.ref023],[@pone.0227615.ref027],[@pone.0227615.ref028],[@pone.0227615.ref030]--[@pone.0227615.ref036]\]. Therefore, just as gender diversity boosts (and gender segregation hinders) firm performance, it is possible that similar trends may occur at the broader level of labor markets.

Occupational gender segregation and labor market economies {#sec003}
==========================================================

Sociologists studying the U.S. have primarily examined gender diversity at the organizational level. Meanwhile, economists and urbanists have directed increased attention to local labor markets as crucial sites for growth and innovation. Therefore, in this study I explore whether gender diversity, measured inversely as the segregation of women and men into different occupations, predicts economic change.

My investigation is guided by three primary hypotheses. First, I examine whether occupational gender segregation is related to industry growth. Here, I focus on two sectors that have been found in previous literature to be associated with higher wages and economic productivity: finance and technology \[[@pone.0227615.ref048]--[@pone.0227615.ref052]\]. Because these sectors rely on the exchange of information and creative innovation more than other industries, I hypothesize that labor markets with higher levels of gender segregation will have less growth in finance and tech sectors than labor markets with lower levels of segregation.

1.  *H1*: *Lower occupational gender segregation will be associated with expanding finance and tech sectors at the local labor market level*.

In addition to exploring industry expansion, I also examine whether gender segregation influences the *quality* of economic change as measured through hourly wages. I use hourly wages as a measure of economic wellbeing because it reflects the value and productivity of labor and because it is more closely tied to workers' improved economic standing. In testing the effects of gender segregation, I expect that higher occupational gender segregation will be related to diminished wage growth in finance and tech industries because it poses a barrier to the exchange of information and ideas that are key ingredients for economic productivity in these high-skill service sectors \[[@pone.0227615.ref030]--[@pone.0227615.ref036]\].

1.  *H2*: *Lower occupational gender segregation will be associated with wage growth in the high-skill service sectors of finance and tech at the local labor market level*.

Finally, I explore whether gender segregation moderates the relationship of high-skill service sector expansion to wage growth. Because finance and tech sectors have been a major source of economic growth over the past 40 years \[[@pone.0227615.ref048]--[@pone.0227615.ref052]\], I examine whether their relationship to hourly wages depends on levels of occupational gender segregation. I anticipate that finance and tech sectors will be associated with improvements in hourly wages when accompanied by lower levels of occupational gender segregation that facilitate the exchange of information and improve productivity.

1.  *H3*: *Finance and tech sector expansion will be associated with wage growth when accompanied by lower levels of occupational gender segregation at the local labor market level*.

Research design {#sec004}
===============

Unit of analysis {#sec005}
----------------

This study focuses on change in local labor markets over time. Yet, multiple definitions have been used in previous research to define geographic labor markets \[[@pone.0227615.ref021],[@pone.0227615.ref053],[@pone.0227615.ref054]\]. For the purposes of this study, labor sheds defined by the Bureau of Economic Analysis provide an ideal measure of labor markets by prioritizing the containment of residents. More than other units used to define labor markets, labor sheds maximize the degree to which residents' commuting patterns are contained within geographic boundaries. In 2010, 93 percent of residents lived and worked within the boundaries of a labor shed, higher than the definitions for "labor market areas" (86 percent) or metropolitan statistical areas (80 percent) \[[@pone.0227615.ref053]\]. By virtue of prioritizing commuting zones, labor sheds often incorporate core based statistical areas and metro areas with high levels of integration. Because the hypothesized benefits of occupational gender segregation occur through the exchange of workers across occupations and firms within a shared geographic space, labor sheds constitute an ideal unit of analysis for this study by virtue of delineating the boundaries within which populations of employees work and reside. I use the most recent definitions provided by the Bureau of Economic Analysis in 2004 (see \[[@pone.0227615.ref053]\]) that demarcate 179 labor sheds across the U.S. [Fig 1](#pone.0227615.g001){ref-type="fig"} maps the 179 labor sheds used in this analysis. These labor shed boundaries were used for all years included in the study (1980, 1990, 2000, and 2010). In total, the sample includes 716 labor shed-years. Henceforth, I refer to labor sheds as local labor markets.

![U.S. local labor markets, defined as BEA labor sheds.](pone.0227615.g001){#pone.0227615.g001}

Data {#sec006}
----

The primary source of data for this study is the Integrated Public Use Microdata Series (IPUMS) \[[@pone.0227615.ref055]\]. For years 1980, 1990, and 2000, data come from the U.S. Census microdata series. For year 2010, I use the 2010 American Community Survey (ACS) 5-year microdata sample because the ACS replaced the U.S. Census's long form in the 2010 Census. I matched respondents to labor markets by geospatially matching PUMAs (Public Use Microdata Areas) (for years 1990, 2000, and 2010) and county groups (for year 1980) to labor markets. In instances where PUMAs/county groups straddled the borders of labor markets, I adopted the approach used in previous research \[[@pone.0227615.ref021],[@pone.0227615.ref054],[@pone.0227615.ref056],[@pone.0227615.ref057]\] and weighted respondents based on the likelihood of residing in each labor market. Further details on this method are included in [S1 Appendix](#pone.0227615.s001){ref-type="supplementary-material"}.

Analytic approach {#sec007}
-----------------

The hypotheses outlined above propose that decreasing occupational gender segregation will be associated with finance and tech sector growth as well as improved productivity measured through wages. To test this relationship, I use fixed effects regression equations modelling the relationship between concurrent change in gender segregation and economic outcomes from 1980 through 2010. One benefit of fixed effects models is that they control for unobserved stable characteristics of labor markets and industries. One limitation, however, is that these equations are unable to account for reverse causation or control for unobserved time variant characteristics. While instrumental variable regression models are often used to address such problems of endogeneity, I was unable to find an appropriate instrumental variable to use in the context of this study. Instead, my focus on high-skill finance and tech industries provides an opportunity to use a counterfactual case of a low-skilled service industry where the effects of gender segregation on economic growth via information exchange would be absent, since low-skilled industries rely less on innovation and creative exchange. I use retail trade as a counterfactual. Not only are finance and tech workers twice as likely to have a college degree than those in retail trade, but the type of work in the retail trade sector is far less focused on creativity and innovation than that occurring in finance and tech \[[@pone.0227615.ref058]\]. In a sector where innovation is emphasized less, the economic benefits of occupational gender integration should be fewer. Examining retail trade as a counterfactual to finance and tech sectors provides a test for bias related to omitted variables and endogeneity to the extent that these confounding attributes would be present for retail trade to a similar degree as finance and tech. In other words, if occupational gender integration facilitates the exchange of ideas and innovation to further economic growth, we should see these patterns in industries where innovation is emphasized and rewarded (finance and tech) and not in industries where innovation plays a smaller role (retail trade).

In examining the first hypothesis related to industry growth, I use [Eq 1](#pone.0227615.e001){ref-type="disp-formula"} that predicts sector size with a set of industry and labor market characteristics varying by year. $$x_{ilt} = \beta_{0} + \beta_{1}d_{ilt} + \beta_{2}R_{ilt} + \beta_{3}M_{lt} + \alpha_{i} + c_{l} + z_{t} + e_{ilt}$$ Industry size, *x*~ilt~, is measured as a share of total labor market employment and varies by industry, labor market, and year. Economic sectors were identified using the harmonized longitudinal codes provided by IPUMS which offer consistent industry classifications from 1980 through 2010. Industry codes were standardized to those present in 1990 in this harmonized classification system. The finance sector includes industries related to finance, insurance, and real estate and is referred to using the acronym FIRE. The retail trade industry includes retailers and stores. To identify technological industries, I used Hecker's \[[@pone.0227615.ref059],[@pone.0227615.ref060]\] classification system which identified tech industries as those with at least twice the proportion of technology-oriented occupations as the average for all industries. I include only technological service industries since this area pertains specifically to research, development, and information fields as opposed to tech manufacturing.

The focal predictor in [Eq 1](#pone.0227615.e001){ref-type="disp-formula"}, *d*~*ilt*,~ is the index of dissimilarity measuring occupational gender segregation by industry, labor market, and year. *d* is commonly used to measure occupational gender segregation \[[@pone.0227615.ref061],[@pone.0227615.ref062]\] and captures the degree to which women and men workers are unevenly distributed across separate occupations with respect to their overall representation in the labor force: $$d_{ilt} = \frac{1}{2}{\sum\limits_{i = 1}^{n}\left| {\frac{w_{oilt}}{W_{ilt}} - \frac{m_{oilt}}{M_{ilt}}} \right|}$$ Where segregation is measured as the summed absolute difference in women's (*w~oilt~*) and men's (*m~oilt~*) population across occupations relative to their overall population in the industry (*W~ilt~* and *M~ilt~*, respectively). The resulting figure can be interpreted as the percentage of women and men who would need to change occupations in order for them to be evenly distributed. A dissimilarity score of 1 indicates perfect segregation, while a score of 0 indicates perfect occupational gender integration. In general, scores above .6 are considered high levels of segregation, while those around .4 to .5 are considered moderate \[[@pone.0227615.ref063],[@pone.0227615.ref064]\]. I used harmonized occupational codes from 1990 provided by IPUMS to ensure comparability of occupations across years. I calculated the dissimilarity index for FIRE, tech, and retail trade across each labor market-year in the sample.

[Eq 1](#pone.0227615.e001){ref-type="disp-formula"} also includes a number of covariates controlling for the changing characteristics of industries and labor markets. At the industry-level, *R*~*ilt*~ includes the occupational racial segregation of white and black workers (measured with the index of dissimilarity), the percent of workers with a college degree, the share of employees that are women, and racial composition measured as the percent of workers who are white. Varying by labor market-years, *M~lt~* includes population (logged), the proportion of the population aged 25 through 40, racial composition (percent white), the unemployment rate, the share of the population with a college degree, the rate of women's labor force participation, the ratio of employment in service to goods producing industries as an indicator of deindustrialization, and the presence of international trade measured as the share of employment in export-intensive industries (identified by Riker \[[@pone.0227615.ref065]\]). [Eq 1](#pone.0227615.e001){ref-type="disp-formula"} also includes fixed effects for industry (*α*~*i*~), labor market (*c*~*l*~), and year (*z*~*t*~), accounting for stable characteristics of industries and labor markets as well as average differences between years.

In testing Hypothesis 1, I first apply [Eq 1](#pone.0227615.e001){ref-type="disp-formula"} to the full sample of industry-labor market-years to identify the general effects of gender segregation on industry growth across FIRE, tech, and retail trade. Then, to test whether occupational gender segregation has different effects by industry, I apply [Eq 1](#pone.0227615.e001){ref-type="disp-formula"} to three additional models examining each industry separately. I use this approach, as opposed to interaction terms, because certain covariates (e.g. percent college educated) have varying effects by industry. Across all models, standard errors are clustered by labor markets.

To examine hypotheses 2 and 3 related to economic productivity and wellbeing, I use the same basic model as [Eq 1](#pone.0227615.e001){ref-type="disp-formula"}, but integrate sector size as a covariate and use median hourly wage as a dependent variable. I use median hourly wage of industry-labor market-years because my interest is on the general relationship between occupational gender segregation and industry productivity, rather than on the distribution of wages within a particular industry. I conducted additional robustness tests using wages at the 25^th^ and 75^th^ percentile to determine whether trends persist across the wage distribution. Findings were consistent with those presented here focusing on median wages. Results for these additional models are included in [S2 Appendix](#pone.0227615.s002){ref-type="supplementary-material"}. Hypothesis 2 is tested through examining the direct effects of occupational gender segregation on hourly wages in FIRE, tech, and retail trade. To examine Hypothesis 3, I add an interaction term testing whether the effects of industry growth on hourly wage differ by levels of occupational gender segregation. $$y_{ilt} = \beta_{0} + \beta_{1}d_{ilt} + \beta_{2}R_{ilt} + \beta_{3}M_{lt} + \beta_{4}x_{ilt} + \beta_{5}\left( d_{ilt} \times x_{ilt} \right) + \alpha_{i} + c_{l} + z_{t} + e_{ilt}$$ I use four sets of models to test whether occupational gender segregation impacts economic productivity and wellbeing. The first set of models explores the pooled sample of industry-labor market-years, while three subsequent sets examine FIRE, tech, and retail trade independently. As noted above, retail trade serves as a counterfactual to FIRE and tech. Because the exchange of information facilitated by occupational gender integration should benefit the high-skill sectors of FIRE and tech more than the low-skill sector of retail trade, I expect to observe significant coefficients for occupational segregation when examining FIRE and tech sectors, and non-significant coefficients when testing relationships in retail trade.

In the following section, I first review basic descriptives highlighting gender segregation and economic change from 1980 to 2010. Then, I examine whether changing levels of occupational gender segregation predict industry expansion from 1980 through 2010. In the last section of the results, I test whether occupational gender segregation is related to economic productivity, as measured by hourly wages in FIRE, tech, and retail trade industries.

Results {#sec008}
=======

Descriptives {#sec009}
------------

[Table 1](#pone.0227615.t001){ref-type="table"} reports industry size, hourly wages, and occupational gender segregation by year across FIRE, tech, and retail trade. In general, all three industries have experienced growth across labor markets during the period of study. The tech sector has grown the largest as a proportion of its size in 1980. On average, tech services accounted for 4.3% of labor market employment in 1980 and 5.4% in 2010 --an increase of about 25%. The proportion of workers in FIRE has risen, but mostly between 1980 and 1990. Retail trade accounts for a much larger share of local employment than FIRE and tech, with an average of more than 15% of employees working in this industry. While there are substantive differences between FIRE, tech, and retail trade industries, the common trend of expansion across all three during the period of study suggests that they are collectively influenced by shared economic shifts occurring during the period of deindustrialization occurring after 1980.

10.1371/journal.pone.0227615.t001

###### Descriptive statistics of labor markets, 1980 to 2010.

![](pone.0227615.t001){#pone.0227615.t001g}

                                                 1980      1990    2000      2010                                
  ---------------------------------------------- --------- ------- --------- ------- --------- ------- --------- -------
  *Sector Growth*                                                                                                 
      % of Labor Force in FIRE                   5.12%     0.013   5.54%     0.014   5.46%     0.015   5.70%     0.015
      % in Tech                                  4.31%     0.014   4.48%     0.013   5.33%     0.017   5.39%     0.016
      % in Retail Trade                          15.52%    0.015   16.71%    0.015   16.63%    0.014   17.19%    0.014
  *Hourly Wage (2010 USD)*, *by Sector *                                                                         
      FIRE                                       \$14.96   1.40    \$15.15   2.01    \$16.67   2.59    \$17.25   2.90
      Tech                                       \$21.30   2.48    \$20.12   2.83    \$20.74   3.33    \$21.17   4.00
      Retail Trade                               \$12.16   1.15    \$10.71   1.38    \$11.50   1.26    \$10.44   1.03
  *Occupational Gender Segregation by Sector *                                                                   
      FIRE                                       0.628     0.069   0.544     0.082   0.486     0.080   0.443     0.079
      Tech                                       0.721     0.083   0.648     0.100   0.586     0.101   0.563     0.097
      Retail Trade                               0.504     0.038   0.422     0.038   0.386     0.038   0.374     0.044

[Table 1](#pone.0227615.t001){ref-type="table"} also reports indicators of economic productivity and wellbeing. Wages (in 2010 USD) in retail trade are between \$2 and \$7 an hour lower than FIRE, and between \$9 and \$11 lower than tech services across each decade. This is consistent with the fact that retail trade is a lower-skilled industry than FIRE and tech. Wages in retail trade were highest in 1980 (\$12.16) and have been at lower levels ever since. Meanwhile, FIRE wages have increased with each decade. From 1980 to 2010, wages in FIRE increased by an average of \$2.29 across labor markets. Wages in tech services were the highest of the sectors observed here, exceeding \$20 an hour in each decade, but have experienced no growth, on average, since 1980.

Beyond economic shifts, there were also changes in the degree of occupational gender segregation. On average, gender segregation decreased across U.S. labor markets for each of the three industries analyzed here (see [Table 1](#pone.0227615.t001){ref-type="table"}). In each decade, tech services had the highest, and retail trade the lowest, levels of occupational gender segregation. Geographic variation in occupational gender segregation across FIRE, tech, and retail trade industries in 2010 is illustrated in [Fig 2](#pone.0227615.g002){ref-type="fig"}. Across industries, middle-America has consistently high segregation, while the West Coast has consistently low segregation. Labor markets such as Atlanta, GA and Milwaukee, WI have higher relative segregation in FIRE industries than tech, while the opposite is true in labor markets like Miami, FL and Eugene, OR.

![Occupational gender segregation across local labor markets in 2010.](pone.0227615.g002){#pone.0227615.g002}

Occupational gender segregation and industry growth {#sec010}
---------------------------------------------------

The descriptives indicate that there has been meaningful economic change as well as shifts in occupational gender segregation between 1980 and 2010. Although some aspects have changed more than others, and there is significant variation both between labor markets and within labor markets over time in the extent of change. To further examine the relationship between occupational gender segregation and economic change, I now present the results of fixed effects regression models predicting industry growth in [Table 2](#pone.0227615.t002){ref-type="table"}.

10.1371/journal.pone.0227615.t002

###### Fixed effects models predicting industry expansion (share of employment), 1980--2010.

![](pone.0227615.t002){#pone.0227615.t002g}

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                    Pooled                                            FIRE                                              Tech                                              Retail Trade
  ------------------------------------------------- ------------------------------------------------- ------------------------------------------------- ------------------------------------------------- --------------------------------------------------
  Industry Characteristics                                                                                                                                                                                 

      Occupational Gender Segregation               -6.666[\*\*\*](#t002fn004){ref-type="table-fn"}   -2.525[\*\*\*](#t002fn004){ref-type="table-fn"}   -3.887[\*\*\*](#t002fn004){ref-type="table-fn"}   0.600

                                                    (0.776)                                           (0.576)                                           (0.785)                                           (1.372)

      Occupational Racial Segregation               0.155                                             -0.004                                            -0.137                                            0.033

                                                    (0.153)                                           (0.104)                                           (0.0976)                                          (0.253)

      % College Educated                            8.243[\*\*\*](#t002fn004){ref-type="table-fn"}    2.722[\*](#t002fn002){ref-type="table-fn"}        4.153[\*](#t002fn002){ref-type="table-fn"}        4.441

                                                    (1.235)                                           (1.093)                                           (1.928)                                           (6.142)

      % Women                                       -1.064                                            2.844[\*\*](#t002fn003){ref-type="table-fn"}      -1.454                                            5.928[\*\*](#t002fn003){ref-type="table-fn"}

                                                    (1.026)                                           (0.925)                                           (0.850)                                           (2.127)

      % White                                       -3.983[\*\*](#t002fn003){ref-type="table-fn"}     -2.117                                            -3.075                                            0.430

                                                    (1.343)                                           (1.320)                                           (1.705)                                           (1.676)

  Labor Market Characteristics                                                                                                                                                                             

      Population (logged)                           -0.046                                            -0.011                                            -0.609                                            1.026

                                                    (0.282)                                           (0.385)                                           (0.446)                                           (0.586)

      % Foreign Born                                -4.685                                            -2.365                                            -2.586                                            0.561

                                                    (2.450)                                           (3.413)                                           (6.001)                                           (3.592)

      % Aged 25--40                                 -0.613                                            6.561[\*\*](#t002fn003){ref-type="table-fn"}      0.491                                             -1.303

                                                    (2.496)                                           (2.360)                                           (4.663)                                           (3.750)

      % White                                       4.766[\*\*\*](#t002fn004){ref-type="table-fn"}    4.740[\*\*](#t002fn003){ref-type="table-fn"}      0.643                                             6.336[\*\*](#t002fn003){ref-type="table-fn"}

                                                    (1.367)                                           (1.785)                                           (3.257)                                           (2.226)

      Unemployment Rate                             4.253[\*\*](#t002fn003){ref-type="table-fn"}      5.498[\*](#t002fn002){ref-type="table-fn"}        -4.430                                            11.692[\*\*\*](#t002fn004){ref-type="table-fn"}

                                                    (1.420)                                           (2.167)                                           (2.278)                                           (2.998)

      % College Educated                            -5.766[\*](#t002fn002){ref-type="table-fn"}       9.497[\*\*\*](#t002fn004){ref-type="table-fn"}    9.281                                             -12.595[\*](#t002fn002){ref-type="table-fn"}

                                                    (2.562)                                           (2.356)                                           (4.987)                                           (4.990)

      % Employed in Export-Intensive Industries\    -2.987[\*](#t002fn002){ref-type="table-fn"}       -2.413                                            5.260[\*\*](#t002fn003){ref-type="table-fn"}      -16.543[\*\*\*](#t002fn004){ref-type="table-fn"}

  (1.163)                                           (1.439)                                           (1.809)                                           (1.916)                                           

      Women\'s Labor Force Participation            -0.023                                            3.797[\*](#t002fn002){ref-type="table-fn"}        -2.995                                            -1.765

  (1.301)                                           (1.466)                                           (1.874)                                           (2.270)                                           

      Service to Goods Producing Employment Ratio   0.246[\*\*](#t002fn003){ref-type="table-fn"}      -0.064                                            0.474[\*\*\*](#t002fn004){ref-type="table-fn"}    0.340[\*\*](#t002fn003){ref-type="table-fn"}

  (0.0814)                                          (0.010)                                           (0.124)                                           (0.120)                                           

      Constant                                      20.591[\*\*\*](#t002fn004){ref-type="table-fn"}   -2.031                                            15.829[\*](#t002fn002){ref-type="table-fn"}       -2.267

                                                    (4.478)                                           (5.774)                                           (6.124)                                           (8.590)

  Fixed Effects                                     Year\                                             Year\                                             Year\                                             Year\
                                                    Labor Market\                                     Labor Market                                      Labor Market                                      Labor Market
                                                    Industry                                                                                                                                              

  N                                                 2148                                              716                                               716                                               716

  R-sq                                              0.962                                             0.433                                             0.580                                             0.662
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

*NOTE*: Dependent variable (share of employment) multiplied by 100. Standard errors clustered by labor market, reported in parentheses

\*p\<0.05

\*\*p\<0.01

\*\*\*p\<0.001

The first column in [Table 2](#pone.0227615.t002){ref-type="table"} includes all industries in a pooled model to identify the general effect of occupational segregation on industry expansion, while the following models examine FIRE, tech services, and retail trade separately. The pooled model provides evidence that, in general, occupational gender segregation hinders industry expansion. Industries with higher levels of gender segregation have experienced less growth between 1980 and 2010 (p \< .001). Conversely, lower levels of gender segregation predict industry expansion. Several covariates also influenced industry expansion in the pooled model, yet many of these predictors had differing effects by industry that were uncovered in subsequent models.

The second and third columns in [Table 2](#pone.0227615.t002){ref-type="table"} test Hypothesis 1 regarding the relationship between occupational gender segregation and the expansion of FIRE and tech sectors. The results indicate that occupational gender segregation plays a large role in these high-skill service industries. In both FIRE and tech, occupational gender segregation is negatively associated with growth (p \< .001). Conversely stated, occupational gender integration--the tendency for women and men to work in similar occupations--predicts FIRE and tech expansion. The coefficients indicate that a change in industry levels of occupational gender segregation from highly segregated (d = .6) to moderately segregated (d = .5) is associated with growth of over .25 percentage points in the size of FIRE industries and about .39 percentage points in local tech sectors. Among covariates, the share of industry employees with a college degree is associated with growth across both sectors (p \< .05). FIRE industries have grown the most in areas where women are well represented in this sector (p \< .001) and where women's labor force participation is higher (p \< .05). This is consistent with previous research showing that women have made major inroads in employment in finance \[[@pone.0227615.ref066]\]. FIRE growth has also occurred in labor markets with a younger working-aged (p \< .01), college educated (p \< .01), and majority white (p \< .01) population, and where unemployment is higher (p \< .05). Tech expansion, meanwhile, has occurred in labor markets with more global trade (p \< .01) and a higher ratio of employment in service relative to goods producing industries (p \< .001).

The fourth column in [Table 2](#pone.0227615.t002){ref-type="table"} examines predictors of retail trade expansion. As noted earlier, retail trade serves as a counterfactual because this low-skill service industry should not benefit from the exchange of information between women and men workers to a similar degree as FIRE and tech. If gender segregation affects FIRE and tech sectors through the hypothesized mechanisms, it should be unrelated to economic change in retail trade. Indeed, the results in [Table 2](#pone.0227615.t002){ref-type="table"} show that occupational gender segregation is unrelated to industry growth in retail trade, adding validity to the earlier findings for FIRE and tech. Among covariates, areas with more women employed in retail trade experienced greater expansion of this sector (p \< .01), as did labor markets with a larger share of white residents (p \< .01), higher levels of unemployment (p \< .001), and greater employment in service relative to goods producing industries (p \< .01). Labor markets with a higher proportion of college graduates (p \< .05) and a larger share of workers in export-intensive industries (p \< .001) experienced less growth in retail trade. This is consistent with the fact that these characteristics are associated with growth in high-skill industries.

In summary, the results from [Table 2](#pone.0227615.t002){ref-type="table"} support Hypothesis 1, that occupational gender segregation hinders growth in FIRE and tech sectors. This was supported in two ways. First, fixed effects models showed that gender segregation negatively predicts industry expansion in these two sectors. While this relationship could be due to unobserved changing characteristics of industries or labor markets, the counterfactual of retail trade--an industry that would be similarly affected by confounders but would not be affected in the same way by gender segregation as FIRE and tech industries, provided support that occupational gender integration affects high-skill service industries (FIRE and tech) through facilitating information exchange, while having no effect on low-skill service industries (retail trade) where such exchange is less beneficial to growth. It is notable that the coefficient for occupational gender segregation in the pooled model is greater in size than the coefficients observed in the models focusing on FIRE and tech sectors. This is because the pooled model does not account for the varying effects of controls across industries, while the subsequent equations with independent models by industry allow for this level of detail. For example, the share of local employment in export-intensive industries has no association with FIRE growth, a positive relationship with tech growth, and a negative relationship with growth in retail trade. Controlling for these types of varying effects mediated the coefficients for occupational segregation in the industry-specific models from what would be expected given its size in the pooled model. Nonetheless, the coefficients remain significant and substantial.

While these results indicate that gender segregation plays a large role in shaping the type of industry growth taking place in U.S. local labor markets, they provide little information on the quality of those economic developments and whether they improve productivity. The next section examines this aspect of economic change.

Occupational gender segregation and economic productivity {#sec011}
---------------------------------------------------------

[Table 3](#pone.0227615.t003){ref-type="table"} presents the results of models predicting change in hourly wages across FIRE, tech, and retail trade sectors. Each pair of models first tests the direct effects of occupational gender segregation on wage growth before exploring whether occupational gender segregation moderates the relationship of industry growth to wages.

10.1371/journal.pone.0227615.t003

###### Fixed effects models predicting labor market economic productivity as hourly wages, 1980--2010.

![](pone.0227615.t003){#pone.0227615.t003g}

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                                      Pooled\                                            FIRE\                                              Tech\                                              Retail Trade\                                                                                                                                                                                              
                                                                                      Hourly Wage                                        Hourly Wage                                        Hourly Wage                                        Hourly Wage                                                                                                                                                                                                
  ----------------------------------------------------------------------------------- -------------------------------------------------- -------------------------------------------------- -------------------------------------------------- -------------------------------------------------- -------------------------------------------------- -------------------------------------------------- ------------------------------------------------- -------------------------------------------------
  Sector Characteristics                                                                                                                                                                                                                                                                                                                                                                                                                                   

      Occupational Gender Segregation                                                 -5.169[\*\*\*](#t003fn004){ref-type="table-fn"}    -7.321[\*\*\*](#t003fn004){ref-type="table-fn"}    -2.441[\*\*](#t003fn003){ref-type="table-fn"}      5.185[\*\*](#t003fn003){ref-type="table-fn"}       0.360                                              7.440[\*\*](#t003fn003){ref-type="table-fn"}       1.439                                             -5.072

  (0.821)                                                                             (0.909)                                            (0.787)                                            (1.765)                                            (1.538)                                            (2.373)                                            (0.915)                                            (7.705)                                           

      % Employed in Sector                                                            0.242[\*\*\*](#t003fn004){ref-type="table-fn"}     0.045                                              0.165[\*](#t003fn002){ref-type="table-fn"}         0.900[\*\*\*](#t003fn004){ref-type="table-fn"}     0.372[\*\*](#t003fn003){ref-type="table-fn"}       1.320[\*\*\*](#t003fn004){ref-type="table-fn"}     -0.027                                            -0.197

                                                                                      (0.035)                                            (0.051)                                            (0.078)                                            (0.155)                                            (0.119)                                            (0.258)                                            (0.044)                                           (0.206)

      Gender Segregation [\*](#t003fn002){ref-type="table-fn"} % Employed in Sector                                                      0.440[\*\*\*](#t003fn004){ref-type="table-fn"}                                                        -1.560[\*\*\*](#t003fn004){ref-type="table-fn"}                                                       -1.640[\*\*\*](#t003fn004){ref-type="table-fn"}                                                      0.394

                                                                                      (0.089)                                                                                               (0.325)                                                                                               (0.404)                                                                                               (0.456)                                           

      Occupational Racial Segregation                                                 -0.060                                             -0.189                                             -0.223                                             -0.116                                             -0.042                                             0.014                                              -0.161                                            -0.144

  (0.164)                                                                             (0.158)                                            (0.147)                                            (0.155)                                            (0.284)                                            (0.284)                                            (0.298)                                            (0.291)                                           

      % College Educated                                                              14.436[\*\*\*](#t003fn004){ref-type="table-fn"}    12.211[\*\*\*](#t003fn004){ref-type="table-fn"}    7.230[\*\*\*](#t003fn004){ref-type="table-fn"}     6.438[\*\*\*](#t003fn004){ref-type="table-fn"}     8.125[\*\*](#t003fn003){ref-type="table-fn"}       8.263[\*\*](#t003fn003){ref-type="table-fn"}       6.556[\*](#t003fn002){ref-type="table-fn"}        6.692[\*](#t003fn002){ref-type="table-fn"}

                                                                                      (1.068)                                            (1.319)                                            (1.778)                                            (1.777)                                            (2.584)                                            (2.535)                                            (3.080)                                           (3.158)

      % Women                                                                         -11.903[\*\*\*](#t003fn004){ref-type="table-fn"}   -13.109[\*\*\*](#t003fn004){ref-type="table-fn"}   -4.973[\*\*\*](#t003fn004){ref-type="table-fn"}    -3.578[\*\*](#t003fn003){ref-type="table-fn"}      -12.862[\*\*\*](#t003fn004){ref-type="table-fn"}   -12.246[\*\*\*](#t003fn004){ref-type="table-fn"}   -3.886[\*](#t003fn002){ref-type="table-fn"}       -4.055[\*](#t003fn002){ref-type="table-fn"}

                                                                                      (1.146)                                            (1.171)                                            (1.270)                                            (1.310)                                            (2.347)                                            (2.327)                                            (1.535)                                           (1.589)

      % White                                                                         3.400[\*\*](#t003fn003){ref-type="table-fn"}       2.540[\*](#t003fn002){ref-type="table-fn"}         -0.231                                             0.716                                              5.423[\*](#t003fn002){ref-type="table-fn"}         5.464[\*](#t003fn002){ref-type="table-fn"}         2.286                                             2.355

                                                                                      (1.053)                                            (1.060)                                            (1.604)                                            (1.518)                                            (2.567)                                            (2.467)                                            (1.854)                                           (1.846)

  Labor Market Characteristics                                                                                                                                                                                                                                                                                                                                                                                                                             

      Population (logged)                                                             -0.209                                             -0.145                                             0.011                                              -0.297                                             -0.878                                             -0.669                                             1.031[\*](#t003fn002){ref-type="table-fn"}        1.215[\*](#t003fn002){ref-type="table-fn"}

                                                                                      (0.518)                                            (0.513)                                            (0.558)                                            (0.552)                                            (0.857)                                            (0.807)                                            (0.410)                                           (0.549)

      % Foreign Born                                                                  9.734                                              11.161[\*](#t003fn002){ref-type="table-fn"}        14.939[\*](#t003fn002){ref-type="table-fn"}        14.933[\*\*](#t003fn003){ref-type="table-fn"}      26.389[\*\*](#t003fn003){ref-type="table-fn"}      19.657[\*](#t003fn002){ref-type="table-fn"}        -3.925                                            -4.220

                                                                                      (5.462)                                            (5.434)                                            (5.902)                                            (5.435)                                            (9.218)                                            (8.470)                                            (3.835)                                           (4.041)

      % Aged 25--40                                                                   8.731                                              9.197                                              2.782                                              1.447                                              8.560                                              10.715                                             19.322[\*\*\*](#t003fn004){ref-type="table-fn"}   19.589[\*\*\*](#t003fn004){ref-type="table-fn"}

                                                                                      (6.746)                                            (6.715)                                            (6.728)                                            (6.608)                                            (9.119)                                            (9.155)                                            (5.765)                                           (5.696)

      % White                                                                         -1.329                                             -0.405                                             -1.232                                             -0.648                                             1.357                                              2.158                                              1.341                                             1.314

                                                                                      (2.135)                                            (2.144)                                            (2.935)                                            (2.535)                                            (4.252)                                            (3.892)                                            (1.752)                                           (1.766)

      Unemployment Rate                                                               -5.178                                             -5.247\*                                           -12.152[\*\*\*](#t003fn004){ref-type="table-fn"}   -13.002[\*\*\*](#t003fn004){ref-type="table-fn"}   3.756                                              6.675                                              -4.449                                            -4.269

                                                                                      (2.637)                                            (2.560)                                            (3.197)                                            (3.043)                                            (5.102)                                            (5.006)                                            (2.401)                                           (2.405)

      % College Educated                                                              12.870[\*\*\*](#t003fn004){ref-type="table-fn"}    16.216[\*\*\*](#t003fn004){ref-type="table-fn"}    32.267[\*\*\*](#t003fn004){ref-type="table-fn"}    28.083[\*\*\*](#t003fn004){ref-type="table-fn"}    30.351[\*\*\*](#t003fn004){ref-type="table-fn"}    24.848[\*\*\*](#t003fn004){ref-type="table-fn"}    11.810[\*\*\*](#t003fn004){ref-type="table-fn"}   10.960[\*\*](#t003fn003){ref-type="table-fn"}

                                                                                      (3.260)                                            (3.306)                                            (4.519)                                            (4.477)                                            (6.594)                                            (6.986)                                            (3.174)                                           (3.425)

      % Employed in Export-Intensive Industries                                       3.455                                              3.185                                              -6.829[\*\*](#t003fn003){ref-type="table-fn"}      -7.588[\*\*\*](#t003fn004){ref-type="table-fn"}    3.694                                              1.418                                              1.621                                             1.914

  (2.038)                                                                             (2.063)                                            (2.216)                                            (2.045)                                            (4.374)                                            (4.125)                                            (1.662)                                            (1.631)                                           

      Women\'s Labor Force Participation                                              -8.261[\*\*\*](#t003fn004){ref-type="table-fn"}    -7.705[\*\*\*](#t003fn004){ref-type="table-fn"}    -7.089[\*\*](#t003fn003){ref-type="table-fn"}      -7.774[\*\*\*](#t003fn004){ref-type="table-fn"}    -15.267[\*\*\*](#t003fn004){ref-type="table-fn"}   -13.262[\*\*\*](#t003fn004){ref-type="table-fn"}   -1.597                                            -1.041

  (1.791)                                                                             (1.774)                                            (2.119)                                            (1.981)                                            (3.978)                                            (3.894)                                            (1.246)                                            (1.464)                                           

      Service to Goods Employment Ratio                                               -0.025                                             -0.044                                             -0.031                                             -0.066                                             -0.018                                             -0.217                                             -0.151                                            -0.112

  (0.151)                                                                             (0.149)                                            (0.147)                                            (0.142)                                            (0.308)                                            (0.294)                                            (0.108)                                            (0.103)                                           

  Constant                                                                            16.776[\*\*](#t003fn003){ref-type="table-fn"}      16.800[\*\*](#t003fn003){ref-type="table-fn"}      18.897[\*\*](#t003fn003){ref-type="table-fn"}      18.928[\*\*](#t003fn003){ref-type="table-fn"}      28.694[\*](#t003fn002){ref-type="table-fn"}        20.850                                             -8.382                                            -8.369

                                                                                      (6.081)                                            (6.008)                                            (6.986)                                            (6.783)                                            (11.375)                                           (10.954)                                           (4.578)                                           (4.728)

  Fixed Effects                                                                       Year\                                              Year\                                              Year\                                              Year\                                              Year\                                              Year\                                              Year\                                             Year\
                                                                                      Labor Market\                                      Labor Market\                                      Labor Market                                       Labor Market                                       Labor Market                                       Labor Market                                       Labor Market                                      Labor Market
                                                                                      Industry                                           Industry                                                                                                                                                                                                                                                                                                         

  N                                                                                   2148                                               2148                                               716                                                716                                                716                                                716                                                716                                               716

  R-sq                                                                                0.924                                              0.925                                              0.811                                              0.821                                              0.533                                              0.549                                              0.761                                             0.762
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

*NOTE*: Percent employed in sector multiplied by 100. Standard errors clustered by labor market, reported in parentheses.

\*p\<0.05

\*\*p\<0.01

\*\*\*p\<0.001

Models 1 and 2 in [Table 3](#pone.0227615.t003){ref-type="table"} report the results from a pooled equation including all industries to identify the general effects of occupational gender segregation on wages. These models include a fixed effect term for industry and assume invariant effects of predictors across FIRE, tech, and retail trade. The first model shows that, in general, occupational gender segregation hinders wage growth (p \< .001), while sector expansion is associated with an increase in local wages (p \< .001). Among covariates, women's labor force participation rate (p \< .001) and women's industry representation (p \< .001) are both associated with lower wages, while the share of labor market (p \< .001) and industry (p \< .001) workers with a college degree, as well as the percent of workers in an industry who are white (p \< .01), predict wage growth. The second model tests whether the relationship of industry expansion to wages depends on occupational gender segregation. Here, the findings for the pooled model indicate that sector expansion is more strongly associated with wage growth in highly segregated labor markets than those with lower levels of occupational gender segregation (p \< .001). While these findings are counter to Hypothesis 3, they should be interpreted with caution because the pooled model does not control for the varying effects of control variables across industries or specifically test whether the effects of industry growth and occupational segregation vary between FIRE, tech, and retail trade. To provide a more valid test of the relationship between wage growth and occupational gender segregation, and to test Hypotheses 2 and 3, models 3 through 8 explore the relationship of occupational gender segregation and sector growth to wages using independent equations for each industry.

The second set of models focuses on wages in the FIRE sector. Model 3 reports a significant penalty of occupational gender segregation on wage growth. Labor markets with higher levels of gender segregation in FIRE have experienced less wage growth between 1980 and 2010 (p \< .01). This provides support for Hypothesis 2, that occupational gender segregation hinders productivity through preventing the exchange of information and knowledge between workers. Conversely, occupational gender integration provides a boost to wages in FIRE. Areas where segregation in FIRE decreased from high (d = .6) to moderate (d = .4) are predicted to have growth of \$.49 an hour in wages--a raise of about 3% in the average labor market. Among covariates, sector growth is associated with higher wages (p \< .05), indicating a wage premium for workers in labor markets with dense FIRE industries. The share of workers with a college degree within the industry (p \< .001) and labor market (p \< .001) are both associated with higher wages, as are the share of labor market residents that are foreign born (p \< .05). Women's representation in the industry (p \< .001) and women's labor force participation rate in the labor market (p \< .01) are both associated with lower wages, and this is consistent with research on the devaluation of feminized occupations across industries \[[@pone.0227615.ref066],[@pone.0227615.ref067]\]. Unemployment is also associated with lower wages (p \< .001), as well as the share of workers in export intensive industries (p \< .01). The effects of control variables varied in subsequent models exploring wages in tech and retail trade. The concentration of export-intensive industries and the unemployment rate is associated with lower wages in FIRE, while having a non-significant relationship to wages in both tech and retail trade. Wages in retail trade are positively related to population (p \< .05) and the concentration of younger working-age residents (p \< .001), while being unrelated to the share of residents who are foreign born and rates of women's labor force participation (which predicted FIRE and tech wages). Finally, industry racial composition (% white) predicted higher wages in tech (p \< .05), but not FIRE or retail trade. These varying effects of control variables across industries highlight the importance of independent models predicting wages separately for FIRE, tech, and retail trade, where such complicated dynamics may be efficiently controlled for.

Model 4 tests whether the relationship of FIRE sector growth to wages is moderated by occupational gender segregation. The interaction term between gender segregation and FIRE sector size is significant (p \< .001), indicating that the separation of women and men into different occupations influences whether FIRE growth will have positive effects on wages. This relationship is illustrated in [Fig 3A](#pone.0227615.g003){ref-type="fig"} which plots the predicted coefficient for FIRE sector growth by levels of occupational gender segregation. When occupational gender segregation is low (d = .35), FIRE expansion is highly predictive of wage growth (β = .354, p \< .001). At moderate levels of gender segregation (d = .5), however, the effect of FIRE sector growth reduces by over 60% and becomes non-significant (β = .120), while at high levels of occupational segregation (d = .65), FIRE expansion has a non-significant negative association with wage growth (β = -.113). These patterns indicate that occupational gender segregation plays a large role in the quality of industry growth. FIRE industry expansion only results in higher wages when women and men work alongside one another in similar occupations. For example, the average labor market with wages of \$15 an hour in FIRE is predicted to experience wage growth of 2.4% (\$0.35) when FIRE expands by 1 percentage point and occupational segregation is low (d = .35), compared to wage growth of .8% (\$0.12) when occupational segregation is moderate (d = .5). In the context of high occupational gender segregation, FIRE expansion does not increase wages, as productivity is hindered by limited interaction and exchange between women and men workers.

![Coefficient for industry expansion predicting wage growth by levels of occupational gender segregation.](pone.0227615.g003){#pone.0227615.g003}

The fifth and sixth models in [Table 3](#pone.0227615.t003){ref-type="table"} examine the relationship between occupational gender segregation, industry growth, and wages in the tech services sector. Unlike what was observed with regards to the FIRE sector, model 5 reports that occupational gender segregation does not have significant direct effects on wages in the tech services sector. These differences between FIRE and tech may stem from the fact that the tech sector has grown at over twice the rate as FIRE between 1980 and 2010 (see [Table 1](#pone.0227615.t001){ref-type="table"}). Consistent with this, the direct effect of sector growth on wages is over twice as large for tech as FIRE. In the context of such large tech sector growth since 1980, occupational gender segregation may play a less direct role in wages.

While occupational segregation may not have a direct effect on wages in tech, it is possible that it shapes the degree to which sector expansion improves wages (Hypothesis 3). Testing this relationship, model 6 reveals that occupational segregation is a significant moderator of industry size on wages (p \< .001). In a similar pattern as what was observed with the FIRE sector, tech industry expansion is most strongly associated with wage growth in labor markets with lower levels of occupational gender segregation. In fact, the coefficient for the moderation effect is similar in magnitude as that observed for FIRE, as indicated by a parallel slope in [Fig 3B](#pone.0227615.g003){ref-type="fig"} representing the coefficients for tech sector size on wages across levels of occupational gender segregation. When gender segregation is low (d = .35), tech sector growth has the largest positive effect on wages (β = .746, p \< .001). At moderate levels of occupational gender segregation (d = .5), the effect of tech sector expansion on wages reduces by 33% (β = .500, p \< .001), while at high levels of occupational segregation (d = .65), the coefficient for tech expansion reduces by 66% (β = .254, p \< .05). It is notable that the effect of tech expansion is positive and significant until occupational gender segregation reaches the high level of .66, which is in the 60^th^ percentile of labor market-years. This pattern provides further insight on why the direct effects of occupational gender segregation observed in model 5 were non-significant. The relationship of occupational segregation to wages in tech primarily occurs in conditions of industry expansion. In other words, tech expansion boosts wages, but the benefits of industry expansion to wages are greater when occupational gender segregation is low, and non-existent when segregation is at very high levels. These results provide further evidence for the benefits of occupational gender integration and the barriers posed by gender segregation to economic growth and productivity. Labor markets with lower levels of gender segregation have more productive tech sectors where information is exchanged and innovation thrives, driving higher wages over time. In the average labor market with tech wages of about \$21 an hour, tech expansion of 1 percentage point is predicted to increase wages by 3.6% (\$0.75) when segregation is low (d = .35), 2.4% (\$0.50) when segregation is moderate (d = .5), and only 1.2% (\$0.25) when segregation is high (d = .65).

The last set of models in [Table 3](#pone.0227615.t003){ref-type="table"} tests the relationship of occupational gender segregation, industry expansion, and wages in retail trade. As a low-skill sector where productivity is less centered on information and innovation, retail trade serves as a counterfactual to FIRE and tech since the effects of occupational gender segregation on information exchange would not provide benefits to productivity in retail trade as it would in FIRE or tech. Focusing on direct effects, model 7 reports that occupational gender segregation is unrelated to wages in the retail trade sector. Testing whether occupational segregation moderates the effects of industry expansion on wages, the interaction term in model 8 is also non-significant (see [Fig 3C](#pone.0227615.g003){ref-type="fig"}), showing that industry expansion has similar null effects on wages regardless of levels of occupational gender segregation. These findings indicate that the benefits of women and men working in similar occupations occur primarily through the exchange of information, a driver of growth in high-skill service sectors like FIRE and tech, but not in low-skill sectors such as retail trade.

Summary of results {#sec012}
------------------

[Table 4](#pone.0227615.t004){ref-type="table"} summarizes the results according to the study's hypotheses. The first hypothesis, that lower levels of occupational gender segregation will predict expansion in FIRE and tech sectors, was supported. The second hypothesis, that gender segregation will have direct effects on wages, was partially supported. Occupational gender segregation had a negative direct effect on wages in FIRE, but not in tech services. This suggests that segregation hinders productivity in FIRE regardless of whether the sector experiences growth or not. Tech productivity, meanwhile, is only affected by gender segregation under conditions of changing industry size, indicating that industry expansion is a major contributor to wage growth in tech, but the extent of this wage growth depends on levels of occupational gender segregation. As reported alongside Hypothesis 3 in [Table 4](#pone.0227615.t004){ref-type="table"}, tech expansion was most strongly associated with higher wages in labor markets with lower levels of occupational gender segregation. A similar pattern was observed in FIRE. These trends support Hypothesis 3, suggesting that the integration of women and men in similar occupations is a key ingredient shaping whether industry expansion will be successful in generating an economically vibrant labor market.

10.1371/journal.pone.0227615.t004

###### Summary of results.

![](pone.0227615.t004){#pone.0227615.t004g}

  Hypotheses                                                                                                                                                                           Result
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ---------------------------------------------------------------------------------------------------------------------------------------
  *H1*: *Lower occupational gender segregation will be associated with expanding finance and tech sectors at the local labor market level*.                                            Supported. The segregation of women and men into different occupations is negatively associated with FIRE and tech sector growth.
  *H2*: *Lower occupational gender segregation will be associated with wage growth in the high-skill service sectors of finance and tech at the local labor market level*.             Partially Supported. Lower levels of occupational gender segregation are directly associated with wage growth in FIRE, but not tech.
  *H3*: *Finance and tech sector expansion will be associated with wage growth when accompanied by lower levels of occupational gender segregation at the local labor market level*.   Supported. FIRE and tech expansion is most strongly associated with wage growth in conditions of low occupational gender segregation.

Discussion: A gendered theory of endogenous growth {#sec013}
==================================================

Results from this study illustrate the dynamic interplay between gender segregation and economic change. The integration of women and men in similar occupations facilitates the exchange of information and creative innovation necessary for the emergence of lucrative financial and tech industries. Absent these conditions, industry expansion results in fewer economic benefits, suggesting that exchange between women and men is necessary for quality industry growth. Previous research at the level of organizations has found that gender diversity improves profits, sales, and productivity \[[@pone.0227615.ref014]--[@pone.0227615.ref019]\]. The findings from this study suggest that similar patterns occur at the broader level of local labor markets.

Collectively, these results indicate a need for a theory of labor market economic development that explicitly considers the value of gender equity. Research on local culture and social capital has emphasized how the exchange of diverse information and ideas can stimulate innovation and growth \[[@pone.0227615.ref023],[@pone.0227615.ref025],[@pone.0227615.ref036],[@pone.0227615.ref041]\]. By recognizing gender as a social structure \[[@pone.0227615.ref043]\] that shapes the experiences, perspectives, and knowledge of women and men in systematically different ways \[[@pone.0227615.ref044]\], a *gendered theory of endogenous economic growth* provides a framework for viewing occupational gender integration as a vital asset for economic development through its ability to increase the flow of knowledge and information within labor markets. Consistent with previous theories of endogenous growth, this framework proposes that the potential for innovation in a labor market is equal to the product of the knowledge contained by local workers \[[@pone.0227615.ref031],[@pone.0227615.ref034],[@pone.0227615.ref036]\]. Where this new framework departs from previous theories, however, is in the explicit attention to gender integration as an asset, and gender segregation as an impediment, to the utilization of worker knowledge.

By virtue of possessing different structural locations in society \[[@pone.0227615.ref043],[@pone.0227615.ref044]\], women and men often have different perspectives and standpoints. In a highly segregated labor market where women and men work predominantly in separate occupations, there is little opportunity for them to learn from one another or share their differing views. Because creativity and innovation is facilitated by the exchange of diverse perspectives, gender segregation limits workers' productivity by homogenizing not only the types of workers in particular jobs, but also limiting the ideas, knowledge, and perspectives that are exchanged among workers and workforce leaders. A more gender-integrated labor force where women and men work alongside each other in the same occupations, meanwhile, takes advantage of the fact that women and men have diverse experiences and ideas by virtue of their different structural locations in society. Information heterogeneity is maximized in such an environment, and along with it the ability for workers to solve new problems and generate new innovations \[[@pone.0227615.ref033],[@pone.0227615.ref036]\]. Furthermore, the exchange of information between diverse actors, such as women and men, may have a multiplicative effect where the creative capacity of both is improved from their mutual exchange. In other words, workers are individually enriched through the information they gain from diverse colleagues, and through this increased capacity they contribute to economic growth in their labor market.

Limitations and future directions {#sec014}
---------------------------------

This study has established a relationship between occupational gender segregation and economic growth. There are, however, limitations to the analytic approach taken here. First, the estimation strategy is unable to control for unobserved changing characteristics of industries and labor markets, as well as account for potential endogeneity where characteristics of tech and FIRE sectors affect levels of gender segregation. To account for these factors, I used retail trade as a counterfactual case that would be affected by similar confounding variables as FIRE and tech, but should not be influenced in the same way by occupational gender segregation since retail trade relies less heavily on innovation and information. This approach added further support to this study's findings. Future research may build from the present study using alternative strategies designed to address issues related to omitted variables and endogeneity. While I was unable to identify a suitable instrumental variable, future research using different sources of data may take this approach in testing the findings presented here.

I have relied upon previous research and theory in interpreting observed relationships as evidence that the exchange between women and men occurring in gender-integrated labor markets facilitates the sharing of information and knowledge leading to overall improvements in economic growth. Yet, alternative mechanisms may also be at play, which I am unable to test in the data used here. It is possible, for example, that skilled women workers are moving to labor markets with lower levels of gender segregation. Thus, rather than facilitating the exchange of information to produce growth endogenously, occupational gender integration may be attracting highly-skilled workers and boosting growth through exogenous mechanisms. Future research using alternative survey data or qualitative methods may be better positioned to investigate the mechanisms by which gender segregation hinders, and integration boosts, local economies.

Conclusion {#sec015}
==========

The segregation of women and men into different occupations poses an economic barrier to local labor markets. Industry expansion in finance and tech sectors only improves local economies when there are lower levels of gender segregation. For labor markets to be competitive in the new economy, they need to reduce levels of segregation. Improving the gender integration of occupations will help unlock the creative and innovative potential of labor markets through facilitating the exchange of diverse ideas and perspectives between women and men.

Supporting information {#sec016}
======================

###### Matching PUMS respondents to labor markets.

(DOCX)

###### 

Click here for additional data file.

###### Fixed effects models predicting wages at 25th, 50th, and 75th percentiles.

(DOCX)

###### 

Click here for additional data file.
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Response to Editor's and Reviewers' Comments:

I would like to thank the three reviewers and the editor for their encouragement about the paper and also for their constructive comments. I have revised the paper to address each comment and describe these revisions in detail below. I believe the paper is much improved after incorporating feedback, and I would be happy to make additional revisions that you believe would further improve the paper.

Similar Comments from Editor and Reviewers:

1\. Both the editor and Reviewer 1 suggested that I specify my focus on "local" labor markets, particularly in the title of the manuscript.

Response: I have changed the title of the manuscript to reflect my focus on local labor markets. I have also made changes throughout the manuscript to specify that I'm focusing on local geographic labor markets.

2\. The editor, Reviewer 1, and Reviewer 2 each commented on the restricted use of managerial/professional occupational segregation in the original manuscript. Both the editor and Reviewer 1 suggested that I use occupational gender segregation across all occupations. Relatedly, both Reviewer 1 and Reviewer 2 suggested that I add more detail to the measurement of occupational gender segregation.

I have changed my focal predictor to reflect occupational gender segregation across all occupations (as opposed to just managers/professionals) for each industry-labor market-year. These changes are reflected throughout the manuscript, and are described in detail on pages 12 and 13 where I discuss the measurement of occupational gender segregation.

Following Reviewer 1 and 2's suggestion, I have also added more detail to the measurement of occupational gender segregation. As discussed in the text (pages 12 and 13), I use one of the most common measures of segregation, the index of dissimilarity. Equation 2 (page 12) provides detail on how the index is calculated, and I discuss its interpretation also on page 13.

3\. The editor and all three reviewers offered suggestions on additional control variables, including women's labor force participation, percent with a college degree, percent foreign born, racial segregation, and degree of international trade.

Thank you for the suggestions for additional controls. I have added all recommended covariates. These are discussed in the analytic strategy section on page 13 and reflected in the results in Tables 2 and 3.

4\. Reviewers 1 and 3 suggested that I report labor market characteristics for each year in the descriptive section of the results instead of focusing on change.

I have replaced Table 1 with a new table reporting descriptive statistics for each year included in the study.

5\. Reviewers 1 and 3 suggested that I discuss the magnitude of coefficients in the results and discuss their economic significance.

Throughout the results section, I have added more interpretation to regression coefficients in order to highlight their economic significance. For example, I now discuss how a change in gender segregation from highly segregated to moderately segregated predicts change in hourly wages. These revisions are present on pages 19 and 23-25.

6\. Reviewers 2 and 3 suggested that I specify how standard errors are calculated, with both suggesting that standard errors be clustered by labor markets.

Standard errors are clustered by labor markets. I now report this on page 14 and in Tables 2 and 3.

7\. The editor and Reviewer 1 suggested additional citations to studies on urban cultural diversity and productivity.

Thank you for pointing me to the additional citations. They fit well with the framing of the paper around the merits of local diversity. I have added them in the front end of the paper, most noticeably on pages 5 and 6.

Additional Comments from the Editor

1\. The editor suggested I add a few sentences in the introduction to state my estimation strategy.

I have added text to page 4 stating my use of fixed effects regression models to estimate the relationship of occupational gender segregation to economic outcomes. Following the suggestion of Reviewer 1, (discussed below), I also state my use of retail trade as a counterfactual industry where the hypothesized effects of occupational gender segregation should not be observed as they are in the high-skilled service industries of finance and tech.

2\. The editor suggested that I include a pooled model in Table 2 that includes all industries with fixed effects for industry to identify the general effects of occupational gender segregation.

I have added a pooled model to Table 2, including fixed effects for industry. As the editor suggested, this provides insight on the general effects of gender segregation across industries. These changes are reflected in Table 2, on page 19, as well as in my discussion of the estimation strategy on pages 10-12.

3\. The editor suggested I explicitly write the econometric models estimated, followed by variable definition.

I have rewritten the analytic strategy section in accordance with the editor's recommendation. The econometric fixed effects equations are now written explicitly, with corresponding variable definitions following. These changes are reflected on pages 11 through 14.

4\. The editor noted an additional limitation to the study: That it cannot identify whether the effects of gender segregation are due to growth through the sharing of information among workers that boosts productivity, or through growth occurring when highly skilled women workers move to labor markets with lower levels of occupational segregation. The editor advised me to acknowledge this limitation, since it is unlikely to be resolved given the current data.

As the editor predicted, I am unable to identify the role of spatial sorting in my results, given the present data. Therefore, I now state this as a limitation on page 30.

5\. The editor provided references to studies that have used instrumental variables to study racial segregation as suggestions of how a similar approach may be used to study occupational segregation.

Thank you for this useful reference. Ananat's use of railroad tracks was a very creative application of instrumental variables to study racial segregation. In my revised manuscript, I have noted my attempts to identify a suitable instrument (pages 11 and 29). Ultimately, I was unable to identify an instrument. However, the suggestion from Reviewer 1, to use a low-skill service industry as a counterfactual (discussed below), helped bolster the claims I make in the paper by showing how the benefits of occupational gender integration to economic growth are experienced primarily in high-skill service industries (finance and tech) where information exchange is more important, while being non-existent in low-skilled service industries (retail trade) where information exchange plays a smaller role.

Additional Comments from Reviewer 1

1\. Reviewer 1 suggested that I add a map indicating levels of occupational gender segregation across local labor markets to add further descriptive detail to this variable.

I have added Figure 2 to the text, illustrating levels of occupational gender segregation in finance, tech, and retail trade industries across U.S. local labor markets in 2010. I discuss the geographic variation of occupational gender segregation on pages 16 and 17.

2\. Reviewer 1 expressed surprise that FIRE increased only by .6 percentage points between 1980 and 2010, when a BLS report showed an increase of 7% between 1979 and 2001.

Thank you for providing the link to the BLS report. The 7% figure referenced from the report refers to FIRE growth as a proportion of its 1979 size (i.e. ∆FIRE from 1979 to 2001/1979 FIRE size), whereas change indicated in Table 1 refers to the percentage point difference in the size of the FIRE sector (i.e. 2010 FIRE -- 1980 FIRE). When translating the information in Table 1 to percentage growth (∆FIRE from 1980 to 2010/1980 FIRE size), there is an 11% increase in the size of FIRE industries across labor markets, which is consistent with the 7% increase Reviewer 1 cited as occurring between 1979 and 2001. Additionally, further reading in the BLS report referenced by Reviewer 1 (<https://www.bls.gov/opub/mlr/2016/article/current-employment-statistics-survey-100-years-of-employment-hours-and-earnings.htm>) indicates that the size of the FIRE sector was 4.6 percent of employment in 1949 and 5.7 percent of employment in 2015 -- consistent with the figures reported in Table 1.

3\. Reviewer 1 pointed out the potential for reverse causation between occupational gender segregation and economic outcomes. The reviewer suggested that, if unable to identify a valid instrument, I acknowledge this limitation. The reviewer also suggested that I examine a low-skill industry where the sharing of information would be less related to economic growth as a counterfactual to the high-skill industries of finance and tech.

Thank you for these helpful suggestions to my methods. As suggested, I have noted the potential for endogeneity related to reverse causality (pages 11 and 29). I have also followed Reviewer 1's suggestion to use a low-skill service industry as a counterfactual case. I use retail trade as a counterfactual. I believe this suggestion greatly improved the validity of my findings because the counterfactual industry would be similarly affected by omitted variables as finance and tech, but would not be similarly affected by the mechanism of interest -- how occupational gender segregation facilitates information exchange to improve economic output.

I discuss the use of a counterfactual on pages 4, 11, and throughout the results section. As expected if occupational segregation operates through the hypothesized mechanism, no significant effects were observed in retail trade, while they were present in finance and tech.

4\. Reviewer 1 suggested that I focus on wages as a primary indicator of economic productivity.

Following Reviewer 1's suggestion, I now focus primarily on hourly wages as an indicator of economic productivity in finance, tech, and retail trade sectors.

5\. Reviewer 1 recommended that I discuss the difference between labor sheds and metros / commuting zones.

I have added text to page 9 to specify how labor sheds offer an advantage over metro areas in delineating commuting zones where individuals live and work.

6\. Reviewer 1 suggested I split Table 3 into two tables corresponding to hypotheses 2 and 3.

In this revision, I did not generate an additional table because I reduced my focus from three economic outcomes (wages, household income, establishment growth) to wages as an indicator of productivity (following Reviewer 1's suggestion from above). By pairing direct and moderating effects in Table 3, I am able to succinctly interpret the full association of occupational gender segregation to wages for each industry. If the reviewer continues to feel that splitting Table 3 into two tables would be ideal, I would be very willing to do so.

Additional Comments from Reviewer 2

1\. Reviewer 2 recommended further justification for the use of labor sheds as local labor markets.

On page 9, I have added further justification for the use of labor sheds. In particular, I state that labor sheds are the best measure for commuting zones. Because the hypothesized effects of occupational gender segregation on economic outcomes occurs through exchange between workers, labor sheds are an ideal unit of analysis by virtue of delineating the boundaries where employees work and reside. Further following the reviewer's suggestion, I also focus on specific industries within labor markets (pages 11-13) to engage more precisely with the mechanisms by which occupational gender segregation affects economic outcomes.

2\. Reviewer 2 suggested that I discuss limitations related to omitted variable bias.

As the reviewer suggested, my use of fixed effects models is unable to control for unobserved time variant characteristics. I state this limitation on pages 11 and 29.

Additional Comments from Reviewer 3

1\. Reviewer 3 suggested examining other levels of the wage distribution besides the median to test whether results remain consistent.

I have added Appendix B to the manuscript reporting results of models predicting wages at the 25th, 50th, and 75th percentile. Findings are generally consistent with those reported in the main text focusing on the median. However, effects are strongest at the 75th percentile. This is consistent with the fact that this part of the wage distribution corresponds to high-skill workers most likely to benefit from the exchange of information occurring in low-gender segregated environments.

Because the findings were consistent across the wage distribution, and because the study focuses on the general relationship of occupational gender segregation to economic productivity, rather than the wage distribution within industries, I discuss median wages in the main text and report other aspects of the wage distribution in Appendix B.

2\. Reviewer 3 recommended that the r-squared for each model be added to Tables 2 and 3.

I have added the r-squared to each model in Tables 2 and 3. Thank you for your attention to detail.

3\. Reviewer 3 suggested that I visualize interactions by illustrating how the effect of industry growth changes depending on levels of occupational gender segregation.

I have added Figure 3 which reports the predicted coefficient for industry growth across varying levels of occupational segregation.

###### 

Submitted filename: Response to Reviewers.docx

###### 

Click here for additional data file.

10.1371/journal.pone.0227615.r003

Decision Letter 1

Fu

Shihe

Academic Editor

© 2020 Shihe Fu

2020

Shihe Fu

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

4 Dec 2019

PONE-D-19-24965R1
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PLOS ONE

Dear Dr. Scarborough,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

All reviewers are happy with your revision. One referee still has a few minor comments. In addition, I think one statement is incorrect. On p.11, the first paragraph, you wrote \"While instrumental variables are often used to address such problems of endogeneity, this approach was not possible here, where economic outcomes and occupational gender segregation are interrelated in ways that prevented identifying an appropriate instrument.\"  It is because  dependent variable and key independent variable are interrelated that we need to search for an IV. You could simply state that in your setting it is difficult to find an approriate instrumental variable. (It is always not easy to find a good IV, as a matter of fact.)

We would appreciate receiving your revised manuscript by Jan 18 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Shihe Fu, Ph.D.

Academic Editor

PLOS ONE

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

Reviewer \#2: All comments have been addressed

Reviewer \#3: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

Reviewer \#3: (No Response)

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

Reviewer \#3: (No Response)

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: (No Response)

Reviewer \#2: Yes

Reviewer \#3: (No Response)

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

Reviewer \#3: (No Response)

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: (No Response)

Reviewer \#2: I believe the authors have addressed most of my comments carefully. In particular, I like the contrasting results between higher-skilled versus lower-skilled industries.

Reviewer \#3: (No Response)

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

Reviewer \#3: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Response to Editor and Reviewer Comments:

Thank you for the opportunity to revise my manuscript and for the valuable comments. I have followed all suggestions, and believe the article has further improved. These changes are summarized below.

Comments from Editor

1\. The editor suggested I correct a statement on page 11 referring to the challenge of identifying a suitable instrumental variable.

Response: Thank you for identifying the problem with this statement. I have followed the suggestion and stated, as suggested, that I was unable to find an appropriate instrumental variable in the case of this study.

Comments from Reviewer:

1\. The reviewer noted that the coefficient in the pooled model in Table 2 for the effect of occupational gender segregation was not intuitive, since it was much larger in magnitude than what was observed in subsequent equations independently modelling the effect by industry. The reviewer suggested that I clarify why this pattern is observed.

Response: I have added text to page 21 noting the larger coefficient in the pooled model compared to the models for FIRE and tech and providing an explanation. While the pooled model controls for unobserved characteristics of industries through a fixed effect term, it does not account for the varying effects of controls across industries. The subsequent equations run separately by industry allow for this level of detail. For example, the size of export-intensive industries has no effect on FIRE growth, a positive effect on Tech growth, and a negative relationship with growth in retail trade. Controlling for these types of varying effects of controls mediated the coefficient for occupational segregation from what would be expected given its size in the pooled model. Nonetheless, the coefficients remain significant and substantial.

2\. The reviewer suggested that I provide more discussion of why the direct effects of occupational gender segregation on wage growth were significant for FIRE but not for tech.

I have added text to pages 27 and 28 discussing why there were differing direct effects of occupational gender segregation on wages in FIRE and tech industries. While both FIRE and tech industries grew between 1980 and 2010, tech grew at over twice the rate as FIRE. In the context of such large growth, industry expansion played a more prominent role in wages in tech. This is consistent with the fact that the coefficient for industry expansion on wages is over twice as large for tech as FIRE. Furthermore, the results illustrated in Figure 3b show that the effect of occupational gender segregation on wages in tech occurs primarily in the context of industry expansion (noted on page 28).

3\. The reviewer suggested that I include models reporting results for the pooled sample in Table 3, mirroring the approach done in Table 2.

I have added two additional columns to Table 3 reporting results for a pooled model including all industries and with an added industry fixed effect. Discussion of these results has been added to page 24, where I also note the limitations of the pooled model, which is unable to examine varying effects of predictors across industries. This provides a suitable set-up for subsequent models that more directly test the industry-specific hypotheses using independent equations that control for the varying effects of control variables and focus on the effects of occupational gender segregation in FIRE, tech, and retail trade.

4\. The reviewer recommended that I clarify the hypotheses to specify measurement at the local labor market level.

Thank you for the specific suggestion of language that would clarify the hypotheses. I have directly incorporated this recommendation to each hypothesis, located on pages 8 and 9.
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Dear Dr. Scarborough,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Shihe Fu, Ph.D.

Academic Editor

PLOS ONE
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PONE-D-19-24965R2

Occupational gender segregation and economic growth in U.S. local labor markets, 1980 through 2010

Dear Dr. Scarborough:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Shihe Fu

Academic Editor

PLOS ONE
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